Depression is a global mental health condition that affects all cultures. Despite this, the way depression is expressed varies by culture. Uptake of machine learning technology for diagnosing mental health conditions means that increasingly more depression classifiers are created from online language data. Yet, culture is rarely considered as a factor affecting online language in this literature. This study explores cultural differences in online language data of users with depression. Written language data from 1,593 users with self-reported depression from the online peer support community 7 Cups of Tea was analyzed using the Linguistic Inquiry and Word Count (LIWC), topic modeling, data visualization, and other techniques. We compared the language of users identifying as White, Black or African American, Hispanic or Latino, and Asian or Pacific Islander. Exploratory analyses revealed crosscultural differences in depression expression in online language data, particularly in relation to emotion expression, cognition, and functioning. The results have important implications for avoiding depression misclassification from machine-driven assessments when used in a clinical setting, and for avoiding inadvertent cultural biases in this line of research more broadly.
Introduction
Depression is a common mental health condition that affects more than 300 million people globally (World Health Organization, 2017) . A major contributor to the overall global burden of disease, Major Depression was indicated as the second leading cause of years lived with disability in 2013 (Vos et al., 2015) . While effective treatments for depression exist, less than half of those affected by the condition will receive treatment (World Health Organization, 2017) . Barriers to appropriate treatment include social stigma associated with mental illness, a lack of resources or trained healthcare providers, and inaccurate assessments (World Health Organization, 2017) .
One cause of inaccurate assessment is the use of culturally-inappropriate or -insensitive diagnostic tools; that is, administering an assessment in a cultural context that differs from that in which it was developed, without adaptation or validation (Ng et al., 2016) . Inaccurate assessments increase risk of depression misdiagnosis, resulting in patients receiving either incorrect treatment or no treatment at all; both of which may be dangerous outcomes for the patient.
Cross-cultural differences in depression experience and expression
According to some evolutionary psychological approaches to depression, depression is a breakdown in an evolved and adaptive response to experiencing scarcity and loss, particularly in relation to goal attainment, social relationships or status (Nesse and Ellsworth, 2009; Kirmayer et al., 2001) ; thus, depression is likely to constitute part of the human condition, in some sense independent of culture. Across cultural contexts, depression onset is reliably related to vulnerability factors such as lack of social support, stress, unemployment and poverty, a demanding climate, family history of depression, adverse childhood experiences, and a high level of trait neuroticism (Chentsova-Dutton and Tsai, 2009; Kirmayer et al., 2001; Sullivan et al., 2000; Chapman et al., 2004) . While depression affects humans crossculturally, cultural context nevertheless impacts the way depression is experienced and expressed, and plays a role in shaping a community's general beliefs about mental health and illness, and how treatment is approached (Chentsova-Dutton and Tsai, 2009; Ng et al., 2016) .
Depression expression
Chentsova- Dutton and Tsai (2009) (Kirmayer et al., 2001) ). A large body of literature suggests that cultural differences in depression symptom reporting are reliably observed. However, how these differences in symptom reporting are manifested varies between studies. This is the result of variation in measurement methods (e.g., use of closed versus open-ended self-report questions to evaluate symptoms), degree of acculturation, and other socio-demographic factors at play, such as the socioeconomic status or education level of participants.
Some previous work has found cultural variation in somatic versus psychological symptom reporting for individuals with depression. Due to a prevailing (implicit or explicit) belief in mindbody dualism (Ayalon and Young, 2003) in western cultures, there is a tendency in western cultures to 'psychologize' the symptoms of depression, focusing on reporting psychological symptoms (e.g., low mood, cognitive symptoms such as thoughts of hopelessness or excessive guilt) while discussing depression spontaneously (Ryder et al., 2008) . Cultures that have traditionally viewed physical and mental health as an interlinked concept, by contrast, might be more likely to spontaneously report somatic symptoms to indicate psychological distress (Ryder et al., 2008) , particularly in contexts where mental illness is heavily stigmatized and thus, reporting of somatic symptoms is more socially acceptable (Kirmayer et al., 2001) , or somatic symptoms are more heavily embedded at the forefront of the culture's 'script' for depression (Chentsova-Dutton and Tsai, 2009) . Somatization tendencies in depression symptom reporting have been observed especially in Asian and Middle Eastern cultures (Chan et al., 2004; Ayalon and Young, 2003) .
However, methodology for assessing depression symptoms can impact the degree of somatization observed between cultures (Chan et al., 2004 Other literature has highlighted how cultural variation in emotion expression norms and ideals impacts how individuals with depression might express or regulate their low mood. One study in particular compared European American and Asian American individuals with depression to non-depressed controls on type and degree of emotion expression following exposure to a sad film (Chentsova-Dutton et al., 2007) . Differences in cultural norms pertaining to emotion expression and regulation meant that participants with depression either expressed or regulated sadness in response to the film dependent on culture. In both cases, emotion expression or regulation was opposite to the non-depressed cultural norm. Thus, whether low mood is more likely to be expressed or regulated by individuals with depression varies by culture.
Membership in an individualist or collectivist culture may also have implications for how depression symptoms are reported. Individualism and collectivism can influence the perceived causes of mental health diagnoses, the way conditions are conceptualized, and what is viewed to be an appropriate treatment response (Hall et al., 1999) . Members of individualist western cultures tend to view depression as a mental health challenge experienced by the individual, caused by factors related to the individual specifically, and appropriately treated at the individual level. Conversely, collectivist cultures are more likely to conceptualize depression as a family, community, or tribal problem best treated with group involvement and consideration of social factors, with social factors a key contributor to the cause of illness. This may have implications for the ways in which individuals understand and thus talk about their depression.
Beliefs about mental illness
Beliefs about the social acceptability and causes of mental illness can vary across cultural groups and impact how these groups talk about depression, whether members of the group are likely to seek help, and whether depression symptoms are considered to be a medical problem requiring treatment at all (Patel et al., 2016; Aggarwal et al., 2014; Saraceno et al., 2007) . In some contexts, depression symptoms are viewed as a normal response to the conditions of human life (ChentsovaDutton and Tsai, 2009), or are perceived to be a 'western' problem (Patel et al., 2016) . Eastern Europeans tend to view mild depression symptoms and negative emotion as part of normal functioning (Jurcik et al., 2013; Turvey et al., 2012) .
Given the clear evidence for cross-cultural differences in depression experience, expression, and beliefs about mental illness in the clinical literature discussed above, it follows that the ways in which people discuss their depression symptoms online might also vary according to culture.
Language markers of depression online
Many studies have found linguistic predictors of depression in social media and online data more generally. In comparison to healthy controls, depressed individuals tend to write online with greater self-focus (Coppersmith et al., 2014; Preoţiuc-Pietro et al., 2015) , tentativeness (Coppersmith et al., 2015) , general negativity (De Choudhury et al., 2013) , sadness (De Choudhury et al., 2013; Schwartz et al., 2014; Preoţiuc-Pietro et al., 2015) , anxiety (Coppersmith et al., 2014) , anger (Coppersmith et al., 2014) , interpersonal hostility (Preoţiuc-Pietro et al., 2015) , swearing (Resnik et al., 2015a) , and are more likely to display evidence of anhedonia (Preoţiuc-Pietro et al., 2015) , social problems (Schwartz et al., 2014; Resnik et al., 2015a,b) , health and sleep issues (Schwartz et al., 2014; Resnik et al., 2015b) , inactivity (Coppersmith et al., 2015) , death interest (Coppersmith et al., 2015; Preoţiuc-Pietro et al., 2015) , perceived hopelessness (Schwartz et al., 2014) , and problems in key life domains such as work or school (De Choudhury et al., 2013; Resnik et al., 2015b) . Depressed individuals are less likely to discuss leisure (Coppersmith et al., 2015) , self-care or exercise (Resnik et al., 2015b) , are less likely to provide evidence of engagement in social activities (Resnik et al., 2015a) , and are less likely to exhibit positivity in their online language (Resnik et al., 2015a; Reece et al., 2017) .
In the studies cited above, individuals were indicated to have depression based on self-reported diagnosis or electronic medical records, and language samples were taken from a diverse set of social media sites and forums, such as Facebook, Twitter, and Reddit. These findings suggest that individuals with depression have quantifiable differences in their use of language online, compared to the general population. However-and crucial to the goals of the current study-it is important to note that most research in this area has been either based on data taken from predominantly Caucasian western populations, or the cultural composition of the samples were simply not reported or analyzed. Thus, a major question in this literature is whether linguistic correlates of depression from internet data hold across different cultural groups.
Cultural differences in online language markers of depression
Only one study has examined cultural differences in internet-derived linguistic markers of depression to date. De Choudhury et al. (2017) analyzed Tweets of users who self-reported a diagnosis of depression, 'mental illness', or experiencing suicidal ideation in aggregate. Comparisons were made between 'Western' (United States, United Kingdom) and 'Non-Western' (South Africa, India) groups with the Linguistic Inquiry and Word Count (LIWC2015) software and topic modeling. 'Non-western' cultural groups were more likely to inhibit expression of their mental illness experience online, which manifested in multiple ways: 1) Firstly, 'non-western' individuals with depression expressed higher positive affect and lower negative affect, anger, anxiety, and sadness in comparison to 'western' cultural groups.
2) Secondly, individuals from 'non-western' cultural groups displayed lower cognitive impairment, as evidenced through greater mentions of cognitive processes (e.g. cause, know, ought), certainty terms (e.g. always, never), discrepancies (e.g. should, would), and perceptions (e.g. look, heard, feeling) in comparison to 'western' cultural groups.
3) Additionally, 'western' groups were more likely to discuss functioning, such as social concerns, health, body, and biology, than 'nonwestern' groups. 'Non-western' groups were less likely to discuss 'taboo' topics such as religion, death, and sexuality. Topic modeling further revealed cultural differences. 'Western' cultures were more likely to discuss social isolation, death and self-destruction, whereas 'non-western' cultures were more likely to discuss shame from experiencing a mental illness, and make confessions related to their mental health struggles.
These findings suggest that 'non-western' cultural groups tend to inhibit expression of mental illness in online language. In contrast, 'western' groups let the cognitive, emotional, and social experiences of their mental illness be more clearly evident in online language. However, given the nascence of this research, further research is needed to replicate these findings as well as to examine language differences amongst more diverse cultural groups.
The present study
In the current study, we present an exploratory analysis of differences in the linguistic expression of depression across cultural groups within the United States. Specifically, we explore how the language of White, Asian or Pacific Islander, Black or African American, and Hispanic or Latino individuals with depression compared while discussing their mental health on an online mental health support forum.
Methods

Data collection
Data was collected from 7 Cups of Tea, an anonymous online, chat-based peer support community for emotional distress 1 . Users agree at signup that their data may be used for the purposes of research. All the data used for the current study was anonymous and securely stored. This research was performed in line with the ethical and privacy protocols outlined in detail in (Benton et al., 2017) .
Data from 7 Cups takes the form of written dialogue between users of the service and volunteers who are trained as "active listeners". A fragment of an exchange between the user of the service (U) and the volunteer (V) might go as follows:
V: hey, hows it going U: not so good V: wanna tell me about it? 1 https://7cups.com For the analyses reported in this paper, we used only text generated by users of the service, not the volunteers providing peer support.
Users who reported depression as their primary concern at sign up were eligible for inclusion in analyses. Our original sample was comprised of 23,048 conversations involving 1,937 unique users. Users were excluded from the sample if they did not indicate their culture, or if they selected 'Other'. This resulted in the exclusion of 199 and 130 users, respectively. The original sample also included users identifying as Native American or American Indian. This group was excluded from analyses since the majority of the data among these users was not English. This resulted in the removal of 15 users, leaving a total sample size of 1,593.
Measures
Users of the service completed a questionnaire at sign-up in which they provided information about their demographic characteristics and mental health. Demographic characteristics assessed included age, gender, and ethnicity. Ethnicity response categories were White, Asian or Pacific Islander, Black or African American, Latino or Hispanic, Native American or American Indian, or Other. Users could only select one ethnic group category. Users also select the primary reason for using 7 Cups, and the users above all indicated a primary purpose of "Depression".
Results
We report descriptive statistics of the sample, LIWC analyses, and the results of a topic modeling analysis.
Descriptive statistics
Data was anonymous and users were analyzed in aggregate by cultural group. No personallyidentifiable information was available. We report descriptive statistics to give a sense of the overall composition of the sample. Table 1 outlines demographic characteristics and mental health status of participants. Overall, participants were predominantly female (67.3 percent), white (68.6 percent), young adults (m = 21.4, SD = 7.6), who were somewhat distressed at sign-up (7/10). No statistically significant or meaningful differences in age, gender, or sign-up distress level were found between cultural groups and thus, these characteristics were not controlled for in subsequent analyses.
LIWC analyses
Next, exploratory analyses were conducted with the Linguistic Inquiry and Word Count software (LIWC2015) (Pennebaker et al., 2015) , which is a psychometrically-validated program that evaluates the percentage of total words in a document that relate to different psychological constructs (e.g., "emotion", "cognition") or life domains (e.g., "health", "social"). LIWC has been used in prior research evaluating social media language patterns of diverse samples with depression (Coppersmith et al., 2015; De Choudhury et al., 2017) . LIWC analyses in the present study compared language of White, Asian or Pacific Islander, Black or African American, and Hispanic or Latino users with depression.
Language analyses with LIWC were exploratory in nature and thus we compared cultural groups on the degree to which they expressed content about a wide range of relevant topics, including emotion, cognitive impairment, social functioning, health, and taboo topics. Given the large amount of language comparisons made between cultural groups, we draw the reader's attention to several interesting findings in light of existing cross-cultural depression literature (see Figure 1) . Note also that due to the exploratory nature of the current study, we do not conduct or report statistical tests over the LIWC results. In the absence of a specific hypothesis about the distribution over LIWC scores, conditioned on ethnic group and LIWC category, statistical tests such as ANOVA would be misleading at best. We hope that the current exploratory analyses will guide future hypothesis-driven work.
First, cultural differences in degree and type of emotion expression were observed. Here, emotion is captured by the LIWC category "tone", which reprsents the ratio of positive to negative emotion expression. Asian or Pacific Islander users showed more inhibition of negative emotion, whereas White and Black or African American users expressed more negativity (in other words, exhibited less regulation of their negative emotional state). Hispanic or Latino users expressed a large amount of both positive and negative emotion compared to other groups.
Second, cultural differences in cognitive categories were observed, whereby cognitive effects of depression were less evident in language of Asian or Pacific Islander users. Third, discussions of functioning were impacted by culture. White users appeared less social, and were more likely to report on health and death or self-destruction compared to other groups. Asian or Pacific Islander users were less open to discussing health or death, though social terms were more present. Black or African American users discussed social terms to a high degree, and were comparatively less likely to discuss death, but were more willing to talk about health compared to other groups. Opposite to Black or African American users, Hispanic or Latino users with depression had low mentions of social terms and were less willing to make disclosures about death or self-destruction, religion, or health.
Our findings suggest that different cultural groups may be more or less willing to spontaneously discuss particular topics relevant to mental health online. This may have implications when looking to detect individuals with depression from online data, particularly when the sample population is culturally diverse.
Topic modeling
Users' messages were analyzed with topic modeling to provide qualitative assessments of the emergent topics or themes that users wished to discuss with volunteers on the platform. While topic modeling may miss some of the fine-grained insights into users' concerns that a human observer could provide, because it is an unsupervised, datadriven approach to analyzing linguistic data, it offers the intriguing possibility of discovering patterns in users' preoccupations that a human observer would be less likely to identify.
Topics were obtained by running Latent Dirichlet Allocation (LDA) over each cultural group's messages, i.e. one topic model was created per cultural group and an individual document in each corpus was a single user message. The data was pre-processed by removing chat-specific stopwords, words with very high frequency (occurring in more than 75% of the documents) and words that occur fewer than five times. We then used Gensim's implementation of multi-core LDA with the default hyper-parameter settings and three topics.
Analysis of the terms that were assigned to top- 
Mental Health Variables
Sign-up Distress (M, SD) 6.9 (1.9) 6.9 (1.9) 7.1 (1.8) 6.8 (1.8) 6.4 (2.1) ics per cultural group revealed that among the top three topics for each cultural group, there was little overlap in terms. Term overlap was measured using the Jaccard similarity coefficient and is shown in Fig. 2 Further analysis of the specific terms assigned to each topic is captured in Table 2 , which shows the top five terms associated with each topic across cultural groups. These sorts of visualizations often resist neat, intuitive explanations. The collection of terms in each topic do not seem to form cohesive topics (e.g., emotions, relationships, etc.), and specific terms (e.g., 'work', 'friend', and 'need') appear across multiple topics, both within a single cultural group and across cultural groups. Topics discussed by all groups may be relevant to individuals with depression cross-culturally; for example, analyses revealed all cultural groups made disclosures about the topic, 'friend', which suggests loneliness or 'need of a friend' is a concern for individuals with depression that cuts across culture. However, the collection of terms in each topic does vary across cultural groups, indicating that there are differences in the themes discussed by users belonging to different cultures. Further work is likely to involve mapping the original chat messages to the topics they are most likely to belong to in order to extract human-interpretable descriptions of the different topics.
Discussion
Our overall conclusion is consistent with existing cross-cultural depression research (De Choudhury et al., 2017) , namely: there are cross-cultural differences in online language of individuals with depression. Our results highlight the importance of creating culturally-adapted depression classifiers as automated assessments become increasingly commonplace in the treatment and identification of mental health issue, and suggest a role for research of this kind in developing culturally sensitive clinical instruments for measuring depression.
Our study included a broad range of cultural groups analyzed relative to previous work. Moreover, our use of both closed-and open-vocabulary analyses allowed for both theory-informed and data-driven analyses of language of many diverse cultural groups with depression, which similarly complements the currently existing body of literature on this subject.
A few caveats are worth noting. First, the data reported here was taken from a peer support community specifically for providing emotional support. It is therefore unclear whether and to what extent our findings generalize to other online spaces such as social media, where discussions about mental health are not explicitly encouraged, and where anonymity is not guaranteed. Some previous work has identified cross-cultural differences in language about mental health on social media, albeit for different cultural groups to the present study (De Choudhury et al., 2017) . This suggests that our results are unlikely to reflect idiosyncratic properties of the platform, though a rigorous examination of this question must be left to future work.
Second, data about participants' country of residence and extent of acculturation were missing. Thus, the extent to which users were acculturated to western beliefs about mental illness or held traditional mental health beliefs of their culture is somewhat unclear. There is evidence to suggest acculturated individuals report symptoms differently compared to individuals more entrenched in the health beliefs that prevail in their culture (Jang et al., 2005) . For example, it was not clear from the available data whether an individual identifying as 'white' was a white American or, for instance, a white German living in the United States. This is relevant since it is reasonable to suppose that white Americans and white Germans are not identical to each other in the way they think and talk about mental health. Similarly, it is plausible that a third-generation Korean American, on the one hand, and a Korean citizen living in the United States, on the other, would both identify as "Asian American", though it would be odd to classify these individuals as having the same culture for the purposes of the current analysis. The relative frequency of these types of observations is unknown.
A third limitation of this study was the labels used to define groups in our dataset, which include a mix of ethnic and racial groups. These labels were determined by the peer support community. While our cultural group labels were imperfect, we were still able to observe meaningful differences between groups, as well as to conduct a more fine-grained cultural analysis comparative to prior literature in this area, which compared 'Western' to 'non-Western' cultures (De Choudhury et al., 2017) .
This paper adds to a small but growing literature examining cross-cultural differences in the way symptoms of depression are expressed in online language data. Our findings have important implications for designing automated depression assessments with online data, and suggest that making good predictions about mental health on the basis of language data will require taking cultural/ethnic identity into account. Should machine-driven depression assessments be deployed in a clinical setting, culturally sensitive classifiers may be necessary to avoid misdiagnosis, a key barrier to receiving effective treatment for depression (World Health Organization, 2017) . In future and ongoing work, we plan to extend these analyses to mental health conditions apart from depression, or to focus on depression subtypes, and to deepen this approach by using our exploratory analyses as a springboard for hypothesis-driven work oriented towards informing mental health-related interventions and mental health policy.
Conclusion
In conclusion, findings from this exploratory study suggest there are cultural differences in online language of individuals with depression. Differences found in the degree to which culturally-diverse individuals with depression express particular topics relevant to mental health online suggest careful attention is required to the cultural contexts in which language classifiers for depression are deployed. Appropriate adaptations, such as depression classifiers made for the cultural group of in-terest, may be necessary to avoid misclassification and thus, inappropriate treatment responses. Moreover, these findings suggest a path forward for empirically-driven assessment and creation of cultural sensitivity best practices for online therapy and peer support, based on the concerns and experiences of the people seeking help.
